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_CONCLUSIONS _ 


I. That the cage masts as installed on the 
U.S.S. North Dakota do not cause any appreciable er- 
ror in range in the fall of shot when using the Di- 
rectorscopes installed in their tops. 

II. That the motion of the gun, due to the an- 
gular velocity of rolling of the wii Sous cause an 
error in range in the fall of shot. Jhat the amount 
of this error depends on the angle of train, and the 
angular velocity of the rohling of the ship. 

III. That the velocities imparted to the shell 
in the direction at right angles to the tangent to 
the trajectory, at the muzzle of the gun do cause an 
error in range in the fall of shot. 

IV. That the velocities in other directions 
cause very small errors in range in the fall of shot, 
which may be neglected. 

Vv. That the major calibre guns should always be 
fired when the ship is rolling in the same direction. 

VI. In firing guns that cannot wait for the roll, 
these errors in range in the fall of shot referred to 
in II and III should be kept in mind by the control 


officer. 
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VII. By the use of easily constructed charts, 
the errors referred to in II and III may be quickly 


calculated, with the instruments now at hand. 


SECTION I 


The purpose of this thesis is the Investi- 
gation of range error introduced in the fali of shot 
by the rolling of the ship, when using Director Fire 
and the method of correcting for these errors for the 
initial shot. The conditions to be investigated 
which cause this error in the fall of shot are:- 

(1) Motion of the Sighting instrument relative 
to a fixed plane on the ship. 

(2) Motion of the gun during the firing inter- 
val, and 

(3) Motion of the ship imparting velocities to 
the projectile which tend to move it out of its cal- 


culated path. 


’ = 

—_— ; 7 
Se i ee ll 
oe tt ee oe ee ae 
oe tee el Fe eee 1 ee 
ei eet — 
Sie oe = ee a cee 
eh mmc base Hah alle 1 ee a Hate 
-_——- 
eae 


ie 
ett ee tee Le he | 


= 


Hee 


SECTION Ii 


Error Bue to Motion of Director Relative to 
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a Fixed Plane on the Ship. 


The error due to the motion of the Sighting 
instrument relative to a fixed plane on the ship, is 
caused by movement of the supporting structure for this 
instrument, relative to a fixed plane on the ship. 
These Sighting Instruments, or Directorscopes, are 
mounted in various positions on the ship, and with the 
exception of those in the fore and main tops, no error 
is considered to be introduced by the motion of the 
ship when rolling. 

It is desired, however, to find what error, 
if any, is introduced by the ship's motion when using 
the fore or main top directors. 

These instruments are mounted in the top of 
a cage mast with approximately 90 feet of unsupported 
length, When the ship rolls, these masts are subjected 
to a transverse loading due to gravity, which is a static 
force, and also due to an accelerating force, which is 
a dynamic force, The forces acting on the mast will 
cause it to deflect in one of three manners;- 


(1) As a cantilever beam, with both a change in 
slope, and a deflection. 


(2) As a pantagraph, with a deflection, but no 
change in slope, or, 


(3) A combination of (1) and (2). 
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If the mast deflects as a beam, the change in 
slope will introduce an error in the directorscope, ex- 
cept when the ship is in the upright position. 

If the mast deflects as a pantagraph, no 
angular error is introduced. 

If the mast deflects as a combination of a 
beam, and a pantagraph, an angular error will be intro- 
duced, which may be proportional to the loading on the 


mast, or may not, depending upon the qualities of the 


mast itself. 

In order to investigate this subject, the change 
of slope and the deflection for the Foremast of the 
U.S.S. Florida that should be expected for a 10° roll, 


is computed, assuming the Mast to act like a beam, sup- 


ported at one end. 


Formulae used; 


FLORIDA E 2 5 
Pd ———— 
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where, 


I = Transverse moment of Inertia ©} NST . 
N = Number of elements 
A = Area of one element 


r = Radius of mast 


= Shear on the mast at any section. 


¥ 

2 

¥F 

a = length of section of mast under consideration 

E = Modulus of Elasticity in pounds per square inch 
M 


= Bending Moment at point, 1, distant from fixed 
point. 


a= distance of single concentrated load not at 
free end, from the end considered as fixed. 


i = slope of mast in radians at free end 


A = angular acceleration in radians 


r° g 
js mer x SS = a» 
1800 (8)* 


@ = angle of roll, in degrees 


T = half period of ship in seconds. 
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CEC 4s the Centre of Crovity of Ship 

O is the angular displacement of any ta stont frem The | 
berhice/ position 
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A particle, whose weight is W, at x feet a- 
bove the center of rotation, which in this case is the 
c.g. of the ship, will exert the following forces 
normal to the vertical axis of the mast:- 


Static Force = W sino 


W 
Dynamic Force = - x A 
& 
This loading is that of a cantilever beam 


under transverse loads, 


Section I. Base of mast to height of 19.468 ft. above 
pase, 
Length = 19.468 ft. 
Bottom radius = 110.6 inches 


86.0 inches 


Top radius 


a Boe 
w(26.26 - 2.375 


Area cross section one element = «#-<--<«------------ 
4 
= .98172 Sq.in. 
2 2 2 
Trottom=: 28174 2x110.6 + 4(110.6 sin 75 + 110.6 sin 60 
en —4 

~\.- 110.6 sin 15 = 292,025 in. 
2 

86.0 4 

I = 292025 x ---- = 177,500 In.* 
Top 110.6 


\dq 


Section II. 19.468 ft. to 38,72 ft. above base 


Length = 19.28 ft. 


Bottom radius 86" 


Top radius = 65,6" 
— 
Area = I1,(2.125 - 1,.875°) = .7854 Sq.In. 


i = 81,130 
top 


t pontem = 159,429 


Seetion Ill. 58.728 ft. to 56.418 ft. above base 


Length = 17.69 ft. 
Bottom radius = 65.6" 


Top radius = §3,5" 
2 


= 65,800 


Jeon = > 


Section IV. 56.418 ft. to 81.376 ft. above base 


Length = 24.958 ft, 
Bottom radius = 53.5 in. 


Top radius 56.0 iff. 


Area = .6734 sq.in. 


I = 21,883 In.4 


bottom 


I 22,911 In.4 


top 


I~Q 


BRASS TUBING 


Section I 

25/8 1/8" Thick Wt/foot = 5,06 # 
Section II 

2 3/8 1/8" Thick Wt/foot = 3.07 # 


STEEL TUBING 
Sections III & IV 


1 3/4 


1/8" Thick 


Wt/foot = 2.17 # 


Wt. per Height of Mast per element. 


5.06 5.06 
cos 15°. 9659 
3.07 3.07 
cos 15° 96593 
2 9 2.17 


cos 15° -96593 
Section (1) 48 x 5.25 
Section (2) 48 x 3,18 
Section (3) 48 x 2.25 
Section (4) 24 x 2.25 

When ship is 
Static Force acting at 
Section (1) 252 sin 10° 
Section (2) 152.5 sin 1 
Section (3) 108.0 sin 1 
Section (4) 54.0 sin 10 


- = 5.25 lie: 


= = 3,18 lds. 


= = 2625 lbs. 


= 252 lbs. 

= 152.5 lbs, 
= 108.0 lbs. 
54.0 lbs. 


inclined 10° - 


Rignt angle to C.L. of Mast = 


= 292 x .17565 = 45,8 1bds. 
0°=152.5 x .17565=26.5 lbs, 
0°=108,0 x ,17565=18.75 lbs. 


°= 54 x .17365 = 9.575 lbs. 
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Increasing these weights by 25% for fittings, 


rings, etc. the weights for these sections become;:- 


Section (1) 54.8 lbs. 
Section (2) 33.1 lbs. 
Section (3) 23,4 lbs. 
Section (4) 1.7 Ibex 


Assuming a roll of 10° for the solution of this 
problem and assuming a period of 12 seconds for a com- 


plete roll:- 
3 


T LO 
= am~ X w--- = 0478 radians/sec. 
180 6 (6) 


Dynamic force acting is directed away from 


center position and perpendicular to C.L. of mast and 


Wx 
=Fe=. Xe 
g 
.0478 
- = wennes = .00149 
g 92.17 
At base of mast R = 32.615 x = .0486 
& 
Top of Section I, R = 52.084 X4 = 0775 
g 
Top of Section lI, r = 71,323 x% = .1062 
g 
Top of Section III, r = 89,013 x > = .1325 
g 
Top of Section IV, r =114,071 x% = .1698 
g 
At searchlight platform r = 78 r . 1162 


0 32 


— 


——¥ 
a omnis tome 6 + 
—tiae 

=m 

ae 

|. S 

“Se: ey» a 1 © © eee & 
— ) = et & 1) eee 


— 


Average 


-0486 x 252 = 12,25 

Ww, = 15.9 lbs ./ft. 
0775 x 252 = 19.5 
-0775 x 152.5= 11.8 

Wo = 14.0 los./ft. 
-1062 x 152.5= 16.2 
-l062 x 108 = 11.5 

We = 135.0" lee. /ft. 
21325 x 108 = 14.5 
21525 x 54 = 7.15 

W = 6.16 lbs./ft. 
~1698 x 54 = 9.17 4 


LOADING 


Platform 9750 

Men 600 

Instrument 1500 

Pipe 165 

Topmast 1270 Static Dynamic 
-- 13285 2510 21698 = 2260 


search light Platform Loading: 
Platform 6000 Static Dynamic 
Search lights (7000 


13000 x .1162= 1510 
Xe173565=2259 


Concentrated Loads: 


78! — 

Static 2259 2310 

Dynamic 1510 2260 
3769 Ibs 4570 bs 


LA 


tall 
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Assumption for approximate Solution. 


Uniform Loading = Dynamic + Static Forces 
Section 1 = 15.9 + 54.8 = 70.7 lbs. 
Section II = 14.0 + 33.1 = 47,1 


Section III 


15.9 + 25.4 = 37.35 


Section 1V 8.2+ 11.7 = 19.9 


That the average I are taken as:. 


Section I 240 ,000 in.4 


Section 11 = 110,000 in.4 

Section III= 54,000 in.4 

Section 1V = 22,000 in.4 
Modulus of Elasticity: 

Section I 16,000,000 lbs/sq.in. 

Beétion II 16,000,000 * * 

Section III 29,000,000 9 

Section IV 29,000,000 " "™ 
Concentrated Loading: 

Section lII 3769 # at 45' 6" 


Section IV 4570 # at elt 4" 


Section IV 
2 
4570 24,958 x 144 
i, Swe we a we en en een = ,0003218 radians 
2 xX 22,000 x 29,000,000 
2 
19.9 x 24.958 x 24.958 x 144 
i. SO we te wee en ee ee ee ee eee we = ,00001168 radians 
6 x 22,000 x 29,000,000 
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Section Ill 
4570 x 24,98 + 2212 5 SS.e8 12 x 17.69 x 12 


5 ee — ren en gry rrr ar ee ree ee rr 
1 54,000 x 29,000,000 
= .0001954 radians. 
pag 
37.3 x 17.69 x 17.69 x 144 
ee = ,000003162 radians 


2 6 x 54000 x 29,000,000 
2 
3769 x 6.748 x 144 


is BR en ew ew we ene ne ee ee ewe eee = ,00000796 radians 

2 x 54000 x 29,000,000 

— 

(4570 + 3769 + 19.9 x 24,958) 17.69 x 144 

i, SO ee ee wee a ee en ee ee en en ee oe =,.V002545 
29,000,000 x 54000 radians 
Section 11 
ps 


(4570 x 42.648 + 19.9 x 24.958 x 30.169 +37.3 x 9  ) 12 
16,000,000 x 110,000 
x 19.28 x 12 


5 ee See ae i ie = ,000339 radians 
16,000,000 x 110,000 


(4570 + 3769 + 19.9 x 24.958 + 37.3 x Tey iw x 144 
i 16,000,000 x 110,000 °~SOsSC~CS 
= .0002893 radians. 
47.10 x 19.28 x Toes x 144 
i, So te ee ee = .0000460 radians 


6 x 16,000,000 x 110,000 
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Section IL 


(4570 x 61.928 +19.9 x 49.449 x 24.958 + 37.5x28.125x17.69) 
16,000,000 x 240,000 


19.468 x 12 x 12 


a eee eee eee = .000165 radians. 
16,000,000 x 240,000 


2 
(4570 + 19,9x24.958 + 37,3 x 17.69 + 47.1x19.28)19.468 x144 


A ee eee ee a ee 
2 “16,000,000 x 240,000 


= .0001477 radians. 


70.7 x 19.468 x 19.468 x 144 


i, SO eR ee en ee een eee en ene = .00000326 radians 
6 x 240, 000 x 16,000,000 


bs YH + ig ti +4, --- 41 0/ = 


20017848 x 57.5 x 60 = 6'.135 
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CALCULATIONS 


On 


NORTH DAKOTA 


A change in slope of 6'20" is not excessive 
for an angle of roll of 10°, and shows that, should this 
be corroborated by experimental data, the cage mast is 
a suitable platform for all practical purposes, for a4 
director station, 

With the purpose of investigating the nature 
and magnitude of the slope when under a system of load- 
ing, an actual test was made on the U.S.S.North Dakota. 

The descripticn of this experiment is as 
follows:- 

A steel wire cable was run between the fore 
and main masts, and made fast to the rings supporting 
the tops, and into which the mast elements are made 
fast. Load was applied by means of a turnbuckle, and 
was measured by a steelyard and 500 lb. spring balance, 
Deflection of the mainmast was measured at 3 places, 
using a surveyors transit, and scales fastened to the 
mast. On the Foremast, only the deflection at the top 
could be measured, as the bridge and search light plat- 
form screens obstructed the line of sight. 

Gunners quadrants were used in each top to 
measure the change in slope. 

A steel tape was run between the two masts, 
and the distance between two fixed points measured for 


each load, This served as a check on the transits. 
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For the data obtained from this test see 
pages 

The problem now is to apply the data ob- 
tained from the experiment, to the actual conditions 


which exist when the ship is at sea, 


2 2 
w(2s5 - 2.525 ) 
Area 2" 1/2 tubes = (-----~------ ) = .934 sq.in. 
( ‘ ) 
2 2 
Area 1" 3/4 tubes = (--------- --) = ,637 sq.in. 
( 4 ) 
© = 22.57 in. 
0 = te 
—_— 48 3 4 
1 ~ -- x 122.37 x .934 = 412,000. \N 
2 
fe<_ 1601.5 in. 
met 14,075 £0. 
48 3 2 
I, = e= xX .954 x 101.5 = 234,800. IN; 
2 
== O15 in, 
me 14.75 ft, 
48 3 4 
I. = -- x 637 x 101.5 = 160,000. uw 
2 
m= 29.78 ft. 
48 3 4 
I, = -- xX .657 x 81.875 = 83700. IN 
2 
*=- 56,3 
h = 56,70 


48 3 
I = —— ae 2057 x 56.3 
2 


4 
27 S00, 1% 


r= 56.9 imi. 
bh = 56.70 ft. 
Is = -- X 2657 X 56.5 = 13,650. (N 
2 
r= 55. in. 
ni = TO. ft. 
24 ce ve 
Ig =-- X 2657 x 53 = 11,370. IN 
2 
r= 87. 2%. 
h = 81.4 Tt 
24 = 4 
Ia =e=- X .637 x 57 = 14,150 IN 
2 
Section I 
E = 16,000,000 #/sq.in. 
I = 280,000 In.* 
1 = 19,75 £t,s 
Cross sectional area 1 element = .,934 sq.in. 
Section IT 


EB = 16,000,000 1bs./sq.in. 


I = 120,000 in.* 
1 = 15,0 ft. 


Cross sectional area 1 element 


Section III 


E = 29,000,000 1bs./sq.in. 
I = 50,000 in.* 
1 = 26.9 ft, 


Cross sectional area 1 element 


= «GS Bq. ink 


= 657 8qein. 
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Section IV 


E = 29,000,000 1bs./sq.in. 


tt 


i = weoow Gal 
v= 24,7 ft. 


Cross sectional area 1 element = .657 sq.in. 
Data for these CAA buraTIONS Giten from pare oy 


RUN ez, Headings (@ ANG (@) * 
4 Load = £f00, Ake 2 50° AV= 32 
Geaportioks 
—— 
2800 24.7 x 144 
i, > a = ,000330 radians 
2 29,000,000 x 14000 
M= 2800 x 24.8 x 12 
2 
2800 x 24.7 x 12 x 26.9 x 12 2800 26.9 x 144 
) ee ee ee eee $ wate KF ance a nen sensa wane 
3 29,000,000 x 50,000 2 29 ,000,000x50,000 
= .0002852 radians. 
2 
2000 x 12 ® 51.6 x 15,0" le 2800 15.0 x 144 
Le FS own nee we ew eww ee wn eee we ewww 5 ee ee ee re er 
@ 16,000,000 x 120,000 “16 ,»000 ,O0Ox120 ,000 
= ,.0001841 radians. 
2 
2800 x 66.6 x 14.75 x 144 2800 14.75 x 144 
oe ee ee eee ¢ sews @ lo nce. Sele ee eee 
1 280,000 x 16,000,000 2 280,000 x 16,000,000 


= ,0001864 radians 


= .0009587 radians. 
= 3.3 


= Sf 18" 


But the actual change in slope was 2* 50" or 
a* 635". 
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Substituting this value for i in the formula, 


a value for EI may be found. 
2 


81.4 x 144 x 2800 


a 
000823 x 2 
Substituting this value for EI in, 
a 3 
Fl° = 2800 x 81-4 x 1a 
Vo = wee SF www ww ee eee ew wee = ©2485 <« lb,45* 
3 EI 3 EI 32 
15,45" 
Vv = Sfe ee 
32 
14 
But the measured deflecticn was -- , which 
32 


is less than the computed value. 

From the above data, the conclusion is reached 
that the various bridge structures act as partial sup- 
ports, and in doing so decrease the effective length of 


the mast as a beam. 


F1- 
Since i = SS -. , 
2 EI 
F19 
and V = ---- , 
2 EI 


it is readily seen that with a reduction in 1, the length 
of the beam, affects V to a greater extent than it af- 
fects i. 

Since, however, the slope varies directly with 


the Force applied, we may compute the actual change in 
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slope for a given load, by using the data found from 
the experiment. 

This slope found will be correct, proviced 
the load is applied at the same point. 

When considering the load due to the weight 
of the elements, and the concentrated load at the search 
light platform, it is recognized that an error will be 
introduced by keeping the length of the beam constant 
at 81.4 ft., instead of allowing for a reduction in 
length, due to the partial supporting forces of the 
various bridge structures, But since the total change 
in slope caused by this loading is small, no material 
error will be introduced by this assumption, 

Change in slope due to concentrated load in the Top. 


¥ = WsinQ + -r« 


& 
n° ° 
= wen KX ome 
e 130 (t)* 
r We CS) 
F=WisinO+ ---. M 
g iso t® 


For angles under consideration 0° to 10° as- 
sumption that Sin@®@= ©may be used without material er- 


ror. Then, 
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F Force Normal to axis of Mast. 


where W 


Weight in lbs. at top 
; .qN> 
QO = Amplitude of roll in raaitf& 
r = Distance from C.G. of Weight, W. 
q = 32.17 ft./sec.” 
t = Time of half period in seconds, 
2 


81.4 x 144 x 2800 


Equivalent EI = ------~--~--------- 
000825 x 2 
mig an 

F = W@\1 + ----- x &- 
32.17 49 


vw [1 + .729 "| 


F=1.729WQ@ 


Fl” 1,729 wer 
L = enn = www e wenn ee radians 
2 EI 2 EI 
1.729 Wex ,000823 x 2 x 81.4 x 144 
i —-— Swen OO wee eK Bee Be Oe Bee Bee eee wee ee 
— 
2x 81.4 x 144 x 2800 
W = Weight in top, assumed to be 10,000 lbs. 
1.729 Wx @&x .000823 
P= wenn nn wn nee eee eee ee = K WO 
2800 
1.729 WO* x ,000823 
BR 6 ates Ste oe cre nw 


i=WoO*" .v0000005075 
i = .005075 6° = slope in degrees 


i = .30456°%=:slope in minutes. 


Considering next the uniform load on the mast 


due to the weight of the elements. Ret. page 


‘i z 
w dx Wx 1 
Fn= wees (2 + X)X = uo | t+ - 
a) g g 2 
if = height at which F, may be considered to be concentrated 
/ iL 
a § Jaw, (atx) . W ax 2 
ie ees? = ----(a + x)" 
)F gee... 
~ F 
z a) 1 
wx) a’x + ax” + 3 mw, 2 
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2 6 ‘ 
WT 
far’ 


p< 


aie 


Z 


T 1 
F=W 10/1+ -s- (a+ - | 
tg 2 
where Q is in radians. 
if 2 me 3) 1 
(Ll - a)*® wil) 1+ 42, (a + af(it-a)® 144 x2x.000823 


_ & 
2 fer: x 144 x 2800 | 


W = 2.2 #/ft. per element 
il. = 81.4 £ ty 


a 5353.9 ft. 


t = 7 sée, 
ae 96.7 ft. above c.g. 


= 62.8 ft. above base of mast. 


ie 
2.2 x 81.4 x 480/1+ (7)© 32.17 


(33.9 + 40.7) (62.8)"144 


2x 81.4 x 144 x 2800 
x2 xX ,000823 


2 
<2 xX 81.4 x 144 x 2800 


we 
8590 ¥/1.473/x 6.28 x 144 x 2 x .000823 


i= .0022120° (N Degrees. 
i = .13270° in minutes 

Taking the searchlight platform to be 70 ft. 
above c.g. and weighs 6000 lbs. including search lights 


and platform: 
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F = pacino, 70 | 
g 


1 
= 6000 e)is i See yee Sere x 70 | 
(7)* 32.17 
= 6000 ja + .438 | © 
= 8628 9 


86288 x 36.1 x 36.1 x 144 x .000823 
eM a Oe a ra a en myn wae we Se = ,0005050 U 


(61.4) x 144 x 2800 
2000505 8° in degrees 


N 


-03036° in minutes. 
Combining these changes in slope, 


: = i, +i, + i, 


rs 


i = {5045.0° + .13270° + ,0305¢ 
= .4675 0° in minutes, 

which gives the equation for the change in slope at the 
top of the mast, when the ship is inclined @° from the 
vertical, 
The equation, i = .4675 6° minutes, will give the error 
due to the slope of the mast, when the guns are fired 
with the ship in any position other than vertical. In 
practically all cases, the guns would not be fired at 
the instant the ship is more than 2° from the vertical 
position, 

Assuming that firing did take place when the 
Ship is 2° from the vertical, the error introduced woula 


be0.935 minutes, which is negligible. 
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Therefore, it may be stated that when firing 
with director fire, using the foretop director, the 
error introduced by the change of slope of the mast is 
negligible and need not be considered, as long as the 
position of the ship at the instant of firing, does not 


exceed 2° from the vertical position. 
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Range errors introduced into director firing 
by the motion of the gun during the firing interval. 

Director firing is based on the principle 
that the gun is elevated to a fixed angle above the line 
of sight and that the projectile leaves the gun instant- 
ly in the predetermined direction when the line of sight 
crosses the point of aim. Since the line of sight 
must cross the point of aim, it 1s necessary that the 
ship be rolling. Therefore, it is impossible for the 
projectile to leave the gun in the desired direction 
Since it does not leave the instant the line of sight 
crosses the point of ain, Some time being necessary 
for the pointer to press the firing key, the primer 
bridge to break, the powder charge to ignite and burn, 
and the projectile to travel down the bore of the gun. 
This time may be generally divided into two parts, first, 
the time from the instant the pointer wills to fire un- 
til the firing circuit is closed, and the time from the 
closing of the firing circuit until the projectile leaves 
the muzzle, The first of these is known as "the point- 
er's personnel time interval” and the second as "the 


time of ejection," 
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"The pointer's personnel time interval" is very 
small and for well trained men should be in the nature 
of a reflex action, for which the time is a few hundredths 
of a second, In fact, recent experiments at the Prov- 
ing Grounds at Indian Head show that this time is about 
minus ,045 seconds. The minus indicating that the point- 
er anticipates the crossing of the line of sight over 
the point of aim by that amount. Since the pointer's 
personnel "time interval" is a function of the man and 
is very small it has not been included in the following. 

"The time of ejection" has been very carefully 
measured by the Bureau of Standards on the Brazilian 
Battleship "Sao Paulo", the "New Mexico" and other ships 
of the latest type. The average of one hundred fifty- 
five accurately measured times of ejection for the 
fourteen inch, fifty caliber guns of the "New Mexoco" 
is eleven hundredths of a secona, Of these times the 
shortest is ,083 seconds and the longest is .157 seconds. 
Therefore in the following the time of ejection is taken 
as one-tenth of a second. 

This time is very short and the angular ve- 
locity of roll during it may be considered constant. in 
the discussion of the effect of this time lag on the 
fall of shot in range, the following assumptions are 


made: 
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(1) That the line of sight is fixed in relation 
to the gun and tnt. age between the line of sight and 
the center line of the gun remains constant. 

(2) That the firing circuit is closed at the in- 
stant the line of sight crosses the point of aim. 

(3) That the line of sight crosses the point of aim 
at the top of the roll, i.e., when the ship is on an 
even keel and rolling at the maximum angular velocity. 

(4) That the gun remains at a fixed angle of 
train. 

If the gun is trained abeam and the firing 
key is closed when the ship is in position A, Figure I 
as the line of sight crosses the top of the target and 
the ship is rolling toward the target with an angular 
velocity w minutes per second, it will be in position 
B when the projectile leaves the muzzle. That is, 
the ship will have rolled wt minutes towards the tar- 
get. Therefore the projectile will leave the muzzle 
as if the gun were w t minutes lower than the correct 
angle of elevation, at which the gun was, when the fir- 
ing key was closed, and the shot will fall short by 
the amount of range represented by a change of angle 
of elevation equal to w t minutes. 

The above holds only when the gun is trained 


abeam, For any other position we will consider the 
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circle in Fig. II. This circle, represent’ “the path 

of the muzzle of the gun for different angles of train, 
is rotating about a fixed horizontal line, to which 

one cf its diameters is always parallel, and is ata 
distance "a" from the line in a direction perpendicular 
to the plane of the circle, 

At the instant show the plane of the circle 
is horizontal. At time t it will have tilted through 
an angle of t w minutes, and any point on the circum- 
ference will have moved a distance equal to t wr sin T 
away from the horizontal. Where r is the radius of 
the circle and T is the angle around to the right from 
the right-hand end of the diameter which is parallel 
to the axis of rotation. Therefore any radius will 
have tilted away from the horizontal by an angle whose 
sine is equal to, 


t wr sin T 


Sin A = ------------ = tw sinT (1) 
For small angles, ‘ 

sin A=A (2) 
Therefore A = t w sin T. (3) 


Since the gun lies in the same vertical plane as r, A 
is the angular error introduced for a time Of ejection 
of t seconds for an angle of train T and can be taken 


from the range table and converted into yards of range. 
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The shot will fall over if the guns are fired on the up 


roll and short if fired on the down roll. 
it we let, 
O= angle of roll from the vertical 
Om = maximum angle of roll from the vertical 
GM = the metacentric height of the ship. 
yA = the radius of gyration of the ship 
& = the gravity constant = 32.16 ft.eper sec.” 
t = the time of a single roll,i.e. from Gon 
one side to Om on the other. 


the angular acceleration for any ship is equal to, 


a9 gGM 


---5 = - org--O = - BO (4) 
ad t 
Jeg Gil 
where A = a constant = ------- and depends on the 
% 


constants of the ship. 


integrating (4) as follows:- 


2 
ao a“~e 

<i a at = - BY/264ae (5) 
at dat 
dg\* 

(--<) = - BO*%+¢C (6) 
at 


Since ag the end of the roll where@=Om the velocity 


equals zero, 


c= BO me (7) 
Therefore, dQ 
ane = BWO-OF aw (8) 
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Integrating this for t, 


v/2 1 {Om 
ad t=. dO (6) 
di vsti Tenge i 9 
() fo) Jom"-9" 


Therefore, 
a u _ em lof 
ashe - fessr's 2 2 2a (10) 
2 B Om B & 


Therefore, 


ss us 
3 ke — 4 a (a) 
B VgGM 


From the above, 

w = Bion O” (12) 
and this becomes, 

w= BOn (135) 
when the ship is on an even keel and rolling at the max- 
imum velocity. 

Value of Bcanbe taken from chart I for any 
ship for which the G.li. ang/O are known, or it can be 
calculated from (11) if the half period t’ is known, 

The above discussion is taken from works on 
Naval Architecture and is near the truth for the usual 
angles of roll. Also it has been prooved to hola by 
the photographic rolling data taken recently on the U.S.S. 
Nevada. 

With this value of w (3) becomes, 
A =t BO, sin T (14) 
and if we let t equal the time of ejection (14) becomes, 


A = .1 BO, sin T. 


4 7 


This has been done on charts II and III, for 
the U.S.S. North Dakota and the values of A in minutes 


are read on the left-hand scale on the middle ver- 


tical line, The methods of construction and use will 


be given later, 


ihe above holds for either center line or 


broad sice guns. 
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SECTION IV_ 


Errors due to the motion of the ship in- 
parting velocities to the projectile which tend to 


move it out of its calculated path, 


By experiments in this country, England and 
Germany it has been proved tnat when a ship rolls she 
oscillates about a fore and aft axis which is very near 
to her center of gravity. This ale 36 not fixed but 
moves very slightly. This motion is small and in what 
follows the axis of oscillation will be considered 
fixed and passing through tne center of gravity. 

Figure III shows a plane tnrough the center 
line of a gun and perpendicular to the axis of oscilla- 
tion, with the gun trained abeam, 

@ = perpendicular distance from tne axis to the 


horizontal plane through the trunnions of the 


gun. 

b = the distance from the intersection of a with 
the horizontal plane through the trunnions, 
to the center of tne trunnions. 

c = the length of tne gun from the center of tne 


trunnions to the muzzle. 
dad = distance from the axis of oscillation to the 


muzzle of the gun. 
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A = the angle between gd and a 


p 


angle ofelevation of the gun above the horizontal 
If the ship is rolling with an angular velocity 
of w radians per second the muzzle of the gun will have a 


linear velocity of 


V,, = @ w feet per sec. (1) 


m 
This velocity ¥ will have components perpendicular to 
and along the path of the shell as if leaves the muzzle. 

The component along the path will represent 
a slight change in muzzle velocity and is equal to, 

Vi = Vm cos &+¢d) (2) 
This change is small and is not within tne errors of the 
muzzle velocity. 

The component perpendicular to the path is 
equal to, 

Ns = V,, sin (a+) (3) 
This component is small, but since it acts perpendicular 
to the path of the projectile, it tends to throw it out 
of its path and the projectile will follow the direc- 
tion of the resulting velocity. fherefore the shell 
does not leave the gun on a tangent to its calculated 
trajectory, but on a tangent to a trajectory Which is a- 
bove or below tois trajectory, as if the angle of de- 


parture had been greater or less by tne angle whose tan- 


gent is, 
Vy, Sin (X+¢) 
I en ee als wos (4) 


muzzle velocity 
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This correction can be calculated and added or subtract- 
ed either as angle or range in yards, 

This velocity component would make the shots 
fall over if they were fired on the up roll and short 
if they were fired on the down roll. 

The above applies to center line guns and to 
broad side guns so long as they are trained abeam, but 


for any other angle of train it does not hold. 


The guns will now be divided into two classes: 


(1) Center line guns and (2) Guns which are not mount- 


ed on the center line. 


Center Line Guns | 

Center line guns are guns which have their 
axis of train on tne center line of the ship. in this 
class are turret guns, and the forward and after guns 
of destroyers. 

The correction mentioned above is exact and 
is different for each turret or gun,since the distance 
d is different for each turret or gun, 

Since it is assumed that the guns are to be 
fired in 5#ro and one correction is to be applied to 
all of them, some average correction must be found, 

If we take vertical and horizontal components 


of ow we have, 
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Lr = vertical component, = V, sin ™ (9) 
and V, = horizontal component = V,, cos ™ (6) 

Vy is approximately equal to Vo: The greatest 
error being at long range where this correction be- 
comes so small as to be practically negligible, And 
the approximation becomes small at shorter ranges and 
Smaller values on . 

Since, 


(b + ¢ cos@) 


Vy = Vy sine = a W a oo 2 oe oe om oe (7) 


=w (b+ C cosf) (8) 
If we let this equal, 
Cs wee c) (9) 
we are very close for all angles of elevation and have 
@ correction that applies to all guns, 
if the guns are not trained abeam, the above 
does not apply. 
From Fig. II it will be seen that for an angle 
of train T, 
We =fw 
where f is the perpendicular distance from the muzzle of 
the gun to the axis of oscillation. And * lies in the 
plane through the muzzie of the gun perpendicular to 
the axis of oscillation. 


If we consider the ship on an even keel and 


let d be the angle between the vertical and f, we have 
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(vo +c cosg )sin e 


oe sing=fwsing=fw eee ee (1) 

Vy =w (ot e cosf) sin T (12) 
and 

Ve = Vin cos” (13) 


where Ve is the horizontal component of velocity in tne 


plane of f andy . This has components 


V, in the direction of the gun = V,, cosg’sin T (14) 
V~ =i {atc sing) sin T = w (a+ c sing)sin t {15) 
and 

V. = perpendicular to the gun in a horizontal plane 

= Me cos cos {T (Fig. IV) (16) 

(a+ ¢ sing) 
a kee ee cos T= w(at+e sin gd )cost (17) 
f 


Ve does not affect the range, but affects deflection. 
If in (12) we let 

Vy =W (> + ¢c) sin T (18) 
we have a correction for all guns and very nearly correct. 

Since w = BO,, for our assumed conditions, (18) 

becomes, 

(, Eanes c)O sin T (19) 
in which B and (b + c) are constants. 

This equation is in the same form as that of 

Section III and it can be charted on the same chart, using 
Q, and T as arguments. 


this has been done on Chart II and is the right- 


hand scale on the middle vertical line, 
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Guns Not on the Center Line. 


Guns not on tne center line, such as the 
torpedo defense batteries of battleships and waist guns 
of destroyers, are assumed to have their axis of train 
at the trunnions and that tn@éscax@s is a fixed dis- 


tance from the center line, this is illustrated in 


Pig. V. 
Using the same notation in this case:. 
Viriw 420) 
Vy = a sing (21) 
Me = vin cong (22) 
V, = Vp sin T = V cosGsin 7 (23)) 
Vv, = Ve cos T= V) cos sin T (24) 
bte cosP sin J 
But now sing = ---------------~- (25) 
ad z 
a+e sing 
and cos G So we we ewe eee (26) 
i 
Since b is fixed. 
Therefore, bte cos sin T 
Vy =ftw De en, Clegg = w (b+ ¢ cosfsin 1) (27) 
f 
ate sing 
ve = f W ---~----+---- sin T=(atec sing )w sin T (28) 
f 
a+c sin 
ws = f w ----------.- cos T=(ate sing)w cos T (29) 
f 


Using (27) as before and letting ¢ cosg= C and putting 
w= BOny we have, 


V. = bBO +c¢BSO sinT (30) 
m m 


J 


Cree 


im reed s+ We 


From this we have, 


7 


yi = > BO, (31) 


and 


Vv = € BO. sin T. (32) 


ya 
(32) is in the same form as (19) and can be charted in 
the same way. While (31) can be charted on the same 


line asO m This has been done on Chart III. 


KC 


SECTION V 
Charts II and III. Method of Construction and 


Proposed Use. 


these charts are constructed from the formulae 
deduced in Sections III and IV, by the methods given in 
"Graphical and Mechanical Computations" by Lipka, page 45. 

Chart II is constructed from the equations, 

A = 1B CG. sin 1 
and Vy = Bl bc) oe. sin T 
The first of these may be written, 
log A = log .1 + log B+ log ot log sin T 
@ is laid off on the right hand scale in radians from 
~0175 which equals 1 degree to ,.2618 which equals 15°, by 
means of a logarithmic scale and the points are marked in 
degrees, the modulus used is 10 on the original chart. 

Sin T is laid off on the left hand scale for 
the natural sine of angle from 5 degrees to 90 degreés 
and marked in degrees, The modulus used is 10 on the 
Original chart. 

The modulus for A is therefore 5 and the scale 
comes mid way between Gana T. A was calculated for 
each degree of G, with T at 90 degrees and checked for 
two other readings of T. 

the angle for Vy for each degree of on Tom TI 


€équal to 90 degrees was thenc alculated and plotted on the 


—) am. 
Oe ee ee 
— ne 


aie © 6 ee) ee Oe Oye 
are eww oo & Ome flame af 

eget ll Geet tee ar (Fie 

om 8 ef 

1 te rey a) ae, 
= ee ee ote Tee 

1 aege  Jge ew  } et - a e 
ee ee ee 
ee t,t et - Fc ee 
i 
a emma . ee. ole 

5 aie ee, Bee ee hee 
Se ee eet I he 
ww & >_> ee or 


CO ——— —————!© - iit O - —ae Oa 
£ + cmp eg ney gel 
o=<s 6 et ans Sa 


chart. this was also checked for two otner values ofT. 

The range correction curve was then drawn by 
taking the difference in the angle of departure for 
one hundred yards from the range table and calculating 
the correction for one minute. 

The purpose of this chart is to give a 
ballistic correction for the roll, The maximum angle 
from the vertical is taken by the rolling hatteras , the 
angle of train is known and these two points are con- 
nected by a straight edge. The readings on the center 
scales are added togetner and the sum is multiplied by 
the correction per minute as taken from the range curve 
for the approximate opening range, or the sum of the 
readings is the correction in minutes. | 

This is a minus correction if firing on the 
up roll and plus if firing on the down roll, 

Chart III is constructed in the same manner as 
Chart II, except the V_. correction is divided into two 


oA 
parts, since it is for the broad side guns. The first 


part, 
Viy =» BO. 

is plotted on the same scale ase and the second part, 
Voy = © S30 7 Oe. 


is plotted in the same manner as Vy on Chart II. 
As constructed and before photostating these 


charts had the accuracy of a ten inch slide rule. 
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lf we are given the problem to find the 
ballistic correction for roll for the 12" guns of the 
U.S.S. North Dakota firing at 300? train rolling 5° 
from the vertical, range 10,000 yards with the ship 
rolling down, 

the shortest time of ejection is .09 seconds 
and the longest .1l2 seconds. Find the dispersion 
caused by the roll. 
solution; 

Connecting 5 on the right hand scale with 30U 
on the left hand scale we get 12 and 1.9 minutes on the 
center scales, Therefore, correction in minutes is 
12+ 1.9 or 13.9 minutes plugs. 

From the range correction curve for 10,000 
yards the reading is 26, Therefore, the range correc- 
tion is 13.9 times 26, or 361.4 yards plus. 

For dispersion the difference in time of 
ejections is .l2 - .09 = .03. Therefore the angular 
dispersion is, 


12. e-= or 12 x .d = 5.6 minutes 


93.6 yards, 


and in yards is equal to 26 x 3.6 
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SECTION V1 


Description of the test on the masts of 
the U. S. S. North Dakota, and the analysis of the 


results obtained therefrom, 


The object of this test was to determine 
the suitability of the cage mast as a Director Sta- 
tion, and also to determine the error if any, when 
using director fire, the ship rolling in a seaway. 

The general method of the test was to load 
the mast at the top, in such a way as to simulate as 
nearly as possible by static forces, the dynamic and 
static forces that are set up by the weights on the 
mast when the ship is rolling, and to measure the de- 
flection and change in slope, of the mast caused by 
these forces. 

These masts are of the usual basket con- 
struction. The Foremast which is 81 feet 4 inches 
between bottom and top base rings, is made up of 48 
elements for a height of 56.7 feet, and of 24 ele- 
ments from a height of 56.7 feet to the top. Bach 
element is straight between the foundation and the 
top ring, and makes an angle of approximately 15° 


with the vertical elements going alternately to right 
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and left. From the base ring to a height of 14,75 
feet, the elements are 21/2 inches outside diameter, 
21/4 inches inside diameter, brass tubing. From 
14.75 feet to 29.78 feet, the elements are 1 3/4 inches 
outside diameter, 11/2 inches inside diameter brass 
tubing. Above 29.78 feet the elements are 1 3/4 inches 
outside diameter and 11/2 inches inside diameter, steel 
tubing. At the base ring and top rings the elements 
are riveted to a casting, which in turn is riveted to 
the fiange of the channel beam forming the foundation. 
Wherever the elements cross, they are fastened to- 
gether with a casting and bolts, At approximately 
every six feet, rings are fitted, inside and out, to 
keep the mast in its proper shape, Thus it may be 
seen that the mast is practically made up of a series 
of circular Warran trusses, whose diagonals make an 
angle of 15° with the vertical. 

The mast carries a search light platform 
with four searchlights, and in addition it carries the 
top, Which is used as a control station. The bridge 
structures are supposed to be supported by the deck, 
and to contribute nothing to the load on the mast. 

The mainmast is similar to the foremast ex- 
cept that it has a height of 96 feet, and consequently 


a larger diameter at its base, 
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By construction, the mast is supposed to be 
symmetrical and its motion unrestricted in all direc- 
tions. Since the ship was afloat, in order to re- 
duce the possibility of errors, it was necessary that 
all instruments be on the ship while taking measure- 
ments. For the same reason, any force applied to the 
mast from an external source would tend to move the 
ship, it was decided to load the mast on the ship, in 
afore and aft direction, 

For loading the mast a 7/8 inch steel cable 
was passed from the foremast to the mainmast, and was 
made fast to a 14 inch 7/8" turnbuckle. This turn- 
buckle was made fast to the after side of the top ring 
foundation by a steel wire strap whica was passed 
through the after lightening holes, The paises of 
the turnbuckle was so adjusted that it could be op- 
erated by a man standing on the ladder immediately un- 
@er the top. 

In tne foremast the cable was made fast to a 
lever arm 3 inches from the Fulcrum. The fulcrum was 

Passed through 
secured to the top base ring by a steel strap , the 
two forward lightening holes, thirty-three inches 
from the fulcrum was secured a small tackle, which in 
turn was made fast to a 500 pound spring balance, which 


was secured to the forward elements of the mast. ihe 
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lever arm carried a knife edge at these three points. 
For applying the load the turnbuckle was set 
up, and the tackle in the foremast was adjusted so as 
to keep the lever arm vertical. By this means tne 
load was assumed to be applied at the top ring of the 
mast and was equal #5 cleeea times the reading of the 
500 pound spring balance. The cable was run so as 
to be as near as possible over tne center line of the 
ship, 
In each top, a gunner's quadrant was placed 
on the base plate of each directorscope, in a fore 
and aft line. The scales of these quadrants can be 
read within 10 seconds of are. This was the smallest 
increment used, for while smaller increments could be 
estimated, it was not attempted due to a slight pitch- 
ing of the ship, estimated to be about 5 seconds of 
arc, 

Scales, which were marked in 1/16 of an ame 
inch, were secured to spars, which were rigged in the 
mainmast at toe height of 40'6", 68', 11/2" and under 
the top, height 96'e" from the bottom foundation. On 
the foremast, one scale only was rigged whicnwas se- 
cured to the top near the upper ring. A surveyor's 
transit was placed in the port ante aircraft gun plat- 


form in such a way that the tnree scales on the main- 
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mast could be read directly. Another transit was placed 
on the starboard side of the Signal bridge with which 

to read the scale on the foremast. Readings of these 
scales could be made accurately to 1/32 inch. 

It is assumed tnat the deflection of the 
mast would not be large enough to affect the accuracy 
of the transit readings, and that these readings would 
represent the true deflection of the mast, and also 
that the transits not being supported by the mast would 
not be affected by the deflection of the mast, 

To check the readings of the transits, a 
steel tape was run between the tops. This tape was 
loaded by a spring balance to 60 pounds and measure- 
ments taken between two fixed points on the mast, but 
due to the wind pressure on the tape, the readings of 
this tape were not considered sufficiently accurate 
for use, 

Plumb-bobs were dropped from the end of each 
spar in the mainmast, with tne idea of reading the de- 
flection from tnese, but the wind made their use im- 
possible, 

Using this apparatus as described above two 
runs were made, one in the forenoon and one in the after- 
noon of Friday, May llth, 1923. 


In the first run before any load was applied, 
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Zero readings of the scales on the mainmast were care- 
fully taken and the upper scale was watched while the 
lever arm was pulled down from a horizontal to a 
vertical position. This force, approximately 1200 
pounds, was sufficient to cause a movement of the top 
of the mainmast of 8/16 of an inch, and showing a 
change of reading on the gunner's quadrant of 40 
seconds, This movement snows up clearly on the plot 
of the Load-Deflection curve for run #1. The load 
was then applied in increments of approximately 500 
pounds up to about 4500 pounds. Readings were taken 
at 1000 pound increments as the load was decreased. 
All instruments were read for each load applied. Read- 
ings for the foretop scale were lost for this run, 

due to the fact tnat the transit was struck, and moved 
during the run, 

For both runs, the load-linear deflection, 
and load-change of slope curves plot as straight lines 
for both the foremast and the mainmast. For the fore- 
mast the load-change of slope curve shows that a load 
of about 550 pounds was applied before there was any 
change of slope, This snows that the first movement 
of the base of the directorscope was in a horizontal 
plane or in other words, that the mast acted as a panta- 


graph up to this load. Beyond this load, the action 
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was the same as for a beam, change in slope accompany- 
ing a change in deflection, the loading rate being 
1175 pounds, per minute of arc. 

For the mainmast the load-deflection curve 
shows that there was an initial horizontal movement 
of the mast of 13/64" without load, or in other words 
there was this amount of lost motion in the mast struc- 
ture which was necessary to take up before the mast 
itself offered any resistance to the force. For the 
mainmast the loading rate is 2000 pounds per minute 
of arc, and 4900 pounds per inch of deflection. 

At the completion of the first run, the turn- 
buckle was slacked off, the lever arm allowed to take 
@ horizontal direction in order to remove all strain 
from the mast, but all the curves for the second run 
show an initial load of approximately 500 pounds, 
Otherwise the curves are identical with the previous 
run, and the constants given are tne same. 

For this run, the deflections for the fore- 
mast are believed to be accurate and show the loading 
rate to be approximately 6400 pounds per inch de- 
flection, 

in the light of tne above data, the follow- 


ing conclusions are arrived at:- 
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(1) 


(4) 


That the masts have a small amount of lost 
motion, and while this is being taken up the 
mast acts as a pantagraph with no change in 
slope at the top. 

That after this lost motion is taken up, the 
mast acts like a stiff cantilever bean. 
That the constants for these masts are:- 

Mainmast Foremast 
2000 lbs/min,arc 1175 1bvs./min.are 


5000 lbs/in.deflec- 6400 1bs./in.deflec- 
tion tion 


Upon releasing the load the mast returns 
to the position it occupied after the lost 


motion was taken up. 


Authors' Note: 


Before the load was applied, it was 


possible to shake the entire mast by one man shaking 


the hand rails in tne tops. While applying the load 


the mast was very rigid both fore andaft and athwart 


ships. 
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Fore Top 
Transit 


0 
1/U6 
3/16 
5/16 
9/16 

13/26 
19/16 


DAT & 
RUN #1 


Fore Top 
Gunner's 


Quadrant 


0 
o*40" 
1-00 
1-00 
1-50 
2-20 
2-30 
3-00 i 
3-20 
2-20 
1-30 
O-20 


RUN _ #2 


0 
0-20 
1-20 
2-10 
2-50 
5-10 
3-10 
2-30 
1-20 
0-40 
0-10 


Main 


@) 
8/16 
9/16 
9/16 

10/16 
12/16 
14/16 

5 1/16 

4 18/16 
14/16 
10/16 

5/16 


Top 
Transit Quadrant 


Heading 
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